؉ -T-cell subset is dependent upon continuous antigenic stimulation.
Human immunodeficiency virus (HIV)-specific CD8
ϩ -T-cell responses are critical in restricting viral replication and altering the course of HIV infection (38, 48) . Ex vivo cytotoxic T lymphocytes (CTL) are much less frequent in vertically infected children than in adults (9, 10, 41, 42, 46, 60) . In contrast, after in vitro culture, memory CTL can be readily detected in HIVinfected children, with magnitude, breadth, and specificity similar to those observed in adults (9, 10, 41, 46) . These memory CTL can be detected during the first weeks or months of life (10, 41, 56, 75) , and the presence of HIV-specific CTL is associated with slower evolution toward disease (10) .
Complete suppression of viral replication following combined therapy is less frequent in children than in adults (40, 51, 52) , and the kinetics of viral decrease is slower (49) . However, children have a more active thymus function than adults (19, 44) , which allows better lymphocyte regeneration following combined therapy (13, 69) . In children treated with combined therapy before 3 months of age, and with undetectable viral load, neither HIV-specific antibodies nor HIV-specific CD4 or CD8 cells were detected (43) . This contrasts with the beneficial effect of early treatment on preservation of HIV-specific T-cell immunity in adults (8, 50) . New immunotherapeutic interventions are being developed for adults (8, 50) . These treatments are of great interest for children due to observance problems and because complete viral suppression is more difficult to obtain in children than in adults. Therefore, it is crucial to characterize the dynamics of HIV-specific T cells in pediatric HIV infection.
On encountering viral antigen, naive CD8 ϩ T cells proliferate and differentiate into effector cells able to lyse infected cells and to secrete cytokines. As virus is cleared, most activated effector cells undergo apoptosis, but some survive and enter the memory pool that persists for long periods (76) . Most memory cells are in a resting state, unable to secrete cytokine or to lyse infected cells, until reactivation on reexposure to viral antigen (61) . During persistent infection, continuous stimulation of T cells may lead to dysfunction, anergy, or clonal exhaustion. In the absence of CD4 ϩ T cells, exhaustion and anergization of CD8 ϩ T cells is more rapid (78) . The complex interplay between the antigen load, virus-specific CD8
ϩ -T-cell dynamics and function, and the immune status of the infected host has been illustrated by a number of studies of HIVinfected adults. In untreated chronically HIV-infected patients, CTL numbers are inversely correlated with the plasma viral load (5, 24, 25, 34, 54, 58) . On the other hand, reduction of HIV replication by potent antiretroviral therapy is associated with a decline in HIV-specific CD8 ϩ T cells (11, 55) . Evidence that a fraction of HIV-specific CD8 ϩ T cells are not functional was recently obtained (22, 31) . Furthermore, loss of gamma-interferon (IFN-␥)-producing cells with persistence of tetramer binding cells was observed in subjects progressing to AIDS (32) . CTL derived from the memory pool after in vitro expansion are easily detected by the standard 51 Cr release assay in most HIV-infected children (9) . In contrast, ex vivo-activated effector cytolytic cells are infrequently detected immediately after isolation (9) . Cytokine synthesis following short-term ex vivo stimulation with the antigen can be measured using assays that are more sensitive than the chromium release assay and could be used to quantify the effector subset of HIV-specific CD8 ϩ T cells (3, 18) . Cytokine production can be measured at the single-cell level using the enzyme-linked immunospot (ELIS-POT) technique, allowing direct calculation of T-cell frequencies (15) . This technique is very sensitive and has been found to reliably detect CD8 ϩ T cells in various human diseases (35, 63, 64, 74) , including HIV infection (16, 36) .
The aim of the present work was to evaluate the use of the ELISPOT assay for the ex vivo study of HIV-specific CD8 ϩ T cells from HIV-infected children. We chose to focus our initial effort on two immunodominant HLA-A‫-1020ء‬restricted HIV epitopes that are frequently recognized by infected children, as we showed previously using tetramers (66) . In this cross-sectional study, HLA-A‫-1020ء‬positive HIV-infected children were systematically tested for the presence of HIV-specific CD8 ϩ T cells using the ELISPOT assay. The frequencies of HIV-specific IFN-␥-producing CD8 ϩ T cells were compared to the frequencies of HIV-specific CD8 ϩ T cells measured by tetramer labeling, and relationships with biological parameters of HIV infection were investigated. The results from the ELIS-POT and the tetramer assays were well correlated, but a comparison of the results from both assays suggests that a significant fraction of CD8 ϩ T cells were unable to produce IFN-␥. Most importantly, the frequencies of ex vivo-activated HIVspecific CD8
ϩ -T-cell-mediated IFN-␥ production were positively correlated with plasma HIV RNA, showing that this subset of antiviral CD8 ϩ T cells is dependent upon continuous antigenic stimulation.
MATERIALS AND METHODS
Patients. All patients were prospectively followed at Hôpital Necker, Paris, France. Twenty HLA-A‫-1020ء‬positive children included in the longitudinal follow-up of their HIV-specific immune responses (9, 10, 66) were systematically tested for their IFN-␥ production in response to HIV peptides during a 6-month period. Four HLA-A‫-1020ء‬negative HIV-infected children were included as negative controls. All of the children were infected by HIV type 1 (HIV-1). Twenty-one patients were born to HIV-1-infected mothers, and three patients (EM50, EM67, and EM76) were infected by blood transfusion during their first 2 years of life. Among the 20 HLA-A‫-1020ء‬positive patients, 10 had received three or four antiretroviral drugs from at least two different classes and 10 were either untreated or had received a combination of two inhibitors of reverse transcriptase. For each patient, biological data, the Centers for Disease Control and Prevention (CDC) disease stage designation (12) , and the antiretroviral treatment at the time of evaluation are shown in Plasma HIV-1 RNA monitoring. The Amplicor HIV Monitor test (Roche, Neuilly, France) was used to quantitate HIV RNA in plasma. The cutoff value was 2.6 log unit copies/ml for the classical assay and 1.7 copies/ml for the ultrasensitive assay. When results were below detection level, half of the assay cutoff was taken as the value for calculation.
HLA class I typing. HLA genotyping was performed in the Department of Immunology at the Chelsea and Westminster Hospital, London, United Kingdom, or in the Service d'Immunologie Clinique, Hôpital Necker, Paris, France, using amplification refractory mutation system PCR (33) .
ELISPOT assay. The ELISPOT assay for analysis of IFN-␥ production was adapted from its original description (15) . Nitrocellulose-bottom 96-well plates (MAHA N45; Millipore, Molsheim, France) were coated overnight at 4°C with 50 l of the anti-IFN-␥ monoclonal antibody 1-D1K at 15 g/ml (Mabtech, Stockholm, Sweden) in carbonate buffer (15 mM NaCO 3 , 35 mM NaHCO 3 , 0.2% NaN 3 , pH 9.6). The antibody-coated plates were washed three times with phosphate-buffered saline (PBS) and blocked with PBS containing 5% fetal calf serum (Dutscher, Brumath, France) for at least 2 h at room temperature. The plates were washed three times with PBS before the addition of peripheral blood mononuclear cells (PBMC) in RPMI 1640 (Whittaker, Gagny, France) supplemented with 10% fetal calf serum, 2 mM L-glutamine (Gibco-BRL, CergyPontoise, France), penicillin, and streptomycin (Gibco-BRL). PBMC were isolated from whole heparinized blood by density centrifugation on Ficoll-Paque (Pharmacia, Les Ulis, France) and tested immediately after isolation. Triplicates of two cell concentrations (5 ϫ 10 5 and 1 ϫ 10 5 /well) were stimulated with peptides corresponding to two HIV immunodominant epitopes, one in the p17 ϩ cells were depleted using beads coupled to anti-CD8 monoclonal antibodies (MACS system; Miltenyi Biotec Gmbh, Bergisch Gladbach, Germany). The efficiency of the depletion was analyzed by flow cytometry. For tetramer stimulation, 1 g of HLA-A‫1020ء‬ tetramer/ml coupled to SL9 or IV9 peptide was added to the wells together with the PBMC. We found that 1 g of tetramer/ml was the optimal dose to induce IFN-␥ production using a CD8 ϩ CTL line specific for the SL9 peptide (data not shown). The cells were incubated overnight at 37°C in 5% CO 2 . The wells were washed three times in PBS with 0.05% Tween 20 (Sigma) and three times with PBS, followed by a 3-to 4-h incubation at room temperature with the biotinylated anti-IFN-␥ monoclonal antibody 7-B6-1 in PBS (1 g/ml). The wells were washed as previously described, and Streptavidin-bound alkaline phosphatase (0.5 U/ml; Boehringer Mannheim, Meylan, France) diluted in PBS was added for 90 min at room temperature. The wells were washed, and 5-bromo-4-chloro-3-indolylphosphate-Nitro Blue Tetrazolium color substrate (Promega, Lyon, France) diluted in 100 mM Tris, 150 mM NaCl, and 5 mM MgCl 2 (pH 9.5) was added for 1 h at room temperature before the reaction was stopped with tap water. The number of spot-forming cells (SFC) was determined with computer-assisted image analysis software (KS-ELISPOT; Zeiss, Munich, Germany). A minimum of 10 spots/well were retained to calculate the frequencies of IFN-␥-producing cells. Responses were considered positive if the number of spots exceeded the mean plus 3 standard deviations of cells incubated with medium alone and was at least twice the mean of cells incubated with medium. The threshold for positivity depends on spontaneous secretion. Its median value in this study was 60/10 6 PBMC. Results were expressed as follows: SFC/10 6 PBMC ϭ (number of SFC per well) ϫ 10 6 /(number of cells per well) or percent SFC among CD8 ϩ T cells ϭ (number of SFC per well) ϫ 100/(number of CD8 ϩ
T cells per well). The number of CD8 ϩ T cells per well was calculated as follows: [(number of cells per well) ϫ (number of CD8
ϩ T cells per cubic millimeter of blood)/(number of lymphocytes and monocytes/cubic millimeter of blood)]. The numbers of cells per well were defined after Ficoll isolation, whereas the numbers of lymphocytes and monocytes were obtained by standard techniques performed on whole blood. Isolation of PBMC by the Ficoll procedure may slightly modify the percentages of PBMC subpopulations. Nevertheless, it is unlikely that this technical bias will profoundly modify the results.
Tetrameric peptide-MHC complexes. the HLA-A‫1020ء‬ tetrameric complexes used in this study were synthesized as previously described (7). The major histocompatibility complex (MHC)-peptide complexes were formed with two HIV immunodominant epitopes, one in the p17 gag protein (SL9) and the other in the reverse transcriptase (IV9).
Flow cytometry analyses. Absolute CD4 and CD8 counts were performed on fresh whole-blood samples by four-color flow cytometry analysis of cells positive for CD45, CD3, CD4, or CD8, with fluorescent beads as an internal standard (flow count beads; Coulter, Paris, France) as previously described (66) . After lysis, the cells were washed one time in PBS, adjusted to 500 l in PBS, and stored at 4°C until they were analyzed. The following associations were used: (i) CD45-fluorescein isothiocyanate, CD3-phycoerythrin-cyanin 5.1 (PCy5), CD4-phycoerythrin (RD1), and CD8-phycoerythrin-Texas Red (ECD); (ii) CD4-ECD, CD8-PCy5, Tetra-phycoerythrin, and CD16-fluorescein isothiocyanate.
VOL. 76, 2002 HIV-SPECIFIC CD8 ϩ T CELLS IN INFECTED CHILDREN 12415
Labeled cells were analyzed on an EPICS-XL MCL flow cytometer (BeckmanCoulter Electronics Inc., Hialeah, Fla.). Event accumulation was followed up until 50,000 living cells were counted on the lymphocyte gate, which was set up using both forward and right angle scatters. All monoclonal antibodies were purchased from Beckman-Coulter-Immunotech (Paris, France). Results were expressed as the percentage of CD8 ϩ tetramer-positive cells among total CD8 ϩ T cells. The threshold of positivity was 0.1% of CD8 ϩ T cells. Statistical analysis. The correlations between the frequencies of IFN-␥-producing cells, tetramer-binding cells, plasma viral load, and CD4 ϩ and CD8 ϩ T cells were determined using the Spearman rank test. Statistical significance was defined as a P value of Ͻ0.05.
RESULTS

Most HLA-A‫-1020ء‬positive HIV-1-infected children had CD8
؉ T cells specific for the SL9 and IV9 epitopes detectable by the IFN-␥ ELISPOT assay. The two optimally defined, immunodominant, and HLA-A‫-1020ء‬restricted HIV CTL epitopes from the p17 gag protein (SL9) and the reverse transcriptase (IV9) were added to freshly isolated PBMC from HIV-infected children, and the frequency of peptide-specific cells was determined by the IFN-␥ ELISPOT assay. None of the four HLA-A‫-1020ء‬negative HIV-infected children secreted IFN-␥ in response to the peptides (SL9 median, 2 SFC/ 10 6 PBMC [range, 0 to 10]; IV9 median, 0 SFC/10 6 PBMC [range, 0 to 0]) ( Fig. 1A and B) . In contrast, 12 out of 20 and 13 out of 20 HLA-A‫-1020ء‬positive HIV-infected children had a significant response to SL9 and IV9 peptides, respectively. Eighteen out of 20 patients recognized at least one peptide, and 7 out of 20 recognized both epitopes. The frequency of SL9-specific cells was higher than the frequency of IV9-specific cells (SL9 median, 351 SFC/10 6 PBMC [range, 0 to 3,939]; IV9 median, 134 SFC/10 6 PBMC [range, 0 to 2,373]) ( Fig. 1A and  B) . Depletion of CD8 ϩ T cells led to undetectable IFN-␥ production in response to peptide stimulation, as shown in a representative experiment (Fig. 1C) . Thus, the majority of HIV-infected children bearing the HLA-A‫1020ء‬ molecule had CD8 ϩ T cells specific for the immunodominant SL9 and/or IV9 epitope.
Free peptides are more efficient than peptides bound to tetrameric HLA molecules in stimulating IFN-␥ production by HIV-specific CD8 ؉ T cells. As HLA-peptide tetrameric complexes may induce T-cell receptor (TCR) oligomerization and activate the cells (2, 45) , the abilities of HLA-A‫1020ء‬ tetramers bound to peptides SL9 and IV9 to stimulate HIV-specific CD8 ϩ T cells were investigated in the ELISPOT assay. Fresh PBMC from 14 patients were therefore tested for IFN-␥ production using the HLA-A‫1020ء‬ tetramers complexed to peptides SL9 and IV9 as stimuli (Fig. 2) . The tetramers induced 
as defined by the CDC (12). N, asymptomatic infection; A, paucisymptomatic infection; B, moderately symptomatic infection; C, severely symptomatic infection.
d Combined therapy is defined as treatment with at least three antiretroviral drugs from two different classes. The total duration of treatment, expressed in months, is indicated in parentheses.
e These children were previously under combined therapy. f Children were treated with a combination of two nucleoside inhibitors of the HIV reverse transcriptase (NRTI). The total duration of treatment, expressed in months, is indicated in parentheses.
IFN-␥ production by HIV-specific CD8
ϩ T cells, but the frequencies of SFC were 10 times lower than those obtained with free peptide (SL9 6 PBMC [range, 0 to 359]). The IFN-␥ production induced by peptide bound to tetramer was specific, as it was undetectable if peptide-specific CD8 ϩ T cells were undetectable using peptide-based ELIS-POT and/or tetramer labeling. The numbers of HIV-specific CD8 ϩ T cells detected with free or HLA-bound peptide were strongly correlated for the SL9 peptide ( ϭ 0.965; P Ͻ 0.0005), and a positive trend was observed for the IV9 peptide ( ϭ 0.437; P Ͻ 0.13) ( Fig. 2A and B) . In conclusion, tetrameric HLA-A‫-1020ء‬peptide complexes stimulated IFN-␥ production by epitope-specific CD8 ϩ T cells but less efficiently than the exogenous peptide presented by living cells.
IFN-␥-producing HIV-specific CD8 ؉ T cells are less numerous than total HIV-specific CD8
؉ T cells binding tetramers.
We next compared the frequencies of IFN-␥-producing cells determined by the ELISPOT assay with the frequencies of CD8 ϩ T cells binding the corresponding tetramer. PBMC from 17 patients tested in the ELISPOT assay have also been tested simultaneously for tetramer binding (66) . When the results were expressed as negative-positive, the results from both assays were concordant in all but five cases. In three cases, the tetramer assay was positive and the ELISPOT assay was negative (two for the SL9 epitope; one for IV9). In two cases, the ELISPOT assay was positive and the tetramer assay was negative (both for the IV9 epitope).
As shown in Fig. 3 , results from both assays were strongly correlated for the SL9 epitope ( ϭ 0.822; P Ͻ 0.002), as well as for the IV9 epitope ( ϭ 0.746; P Ͻ 0.004). For the 12 patients positive in both assays, the ratios of IFN-␥-producing CD8 ϩ T cells to tetramer binding CD8 ϩ T cells were as follows: SL9 median, 0.25 (range, 0.05 to 0.68); IV9 median, 0.28 (range, 0.05 to 0.69). In conclusion, epitope-specific CD8 ϩ T cells that produce IFN-␥ are less numerous than total epitope- ϩ T lymphocytes. Total PBMC and CD8-depleted PBMC from the HIV-infected patient EM78 were stimulated overnight with peptide SL9 at 1 g/ml. SFC were enumerated in a 16-h ELISPOT assay. Mean values (and standard deviations) from triplicate wells are shown. CD8 ϩ CD3 ϩ T cells were 54 and 0.8% in total and CD8-depleted PBMC, respectively.
FIG. 2. IFN-␥ production by HIV-1-specific CD8
ϩ T cells of HLA-A‫-1020ء‬positive patients following stimulation with free peptide and peptide bound to HLA-tetramers. (A) Fresh PBMC were stimulated overnight with either peptide SL9 at 1 g/ml or HLA-A‫-1020ء‬SL9 tetramer at 1 g/ml. (B) Fresh PBMC were stimulated overnight with peptide IV9 at 1 g/ml or HLA-A‫-1020ء‬IV9 tetramer at 1 g/ml. SFC were enumerated in a 16-h ELISPOT assay, and results are expressed as SFC per 10 6 PBMC. Mean values from triplicate wells and the linear regression curves are shown.
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on September 7, 2017 by guest http://jvi.asm.org/ specific CD8 ϩ T cells that bind the tetramer, and the ratio of frequencies measured by the ELISPOT assay to frequencies measured by the tetramer assay varied widely among patients. This result suggests that a significant fraction of HIV-specific CD8 ϩ T cells are not functional.
Correlations between HIV-specific CD8
؉ T cells and biological parameters. Neither the CD4 ϩ -nor the CD8 ϩ -T-lymphocyte subset (expressed as percents or as absolute numbers) was correlated with the frequencies of epitope-specific CD8 ϩ T cells determined by the ELISPOT or the tetramer assay (data not shown). In contrast, SL9-specific CD8 ϩ T cells detected by the ELISPOT assay were positively correlated with the plasma viral load ( ϭ 0.463; P Ͻ 0.05) (Fig. 4A) , and a positive trend was observed for IV9-specific CD8 ϩ T cells ( ϭ 0.370; P Ͻ 0.11) (Fig. 4B) . However, when SL9-and IV9-specific CD8 ϩ T cells were detected by using tetramers, their frequencies were not correlated with the plasma viral load (SL9, ϭ 0.015, P Ͻ 0.97 [Fig. 4C ]; IV9, ϭ Ϫ0.063, P Ͻ 0.68 [ Fig. 4D]) . As the quantity of HIV-RNA present in plasma is a hallmark of both viral replication and antigenic stimulation, our data strongly suggest that among HIV-specific CD8 ϩ T cells, the subset of functionally active effector cells detected by the ELISPOT assay was stimulated by viral production in vivo, whereas the frequencies of total HIV-specific CD8 ϩ T cells detected by tetramers were not linked to the viral load.
DISCUSSION
In this study, we found that 90% of HLA-A‫-1020ء‬positive HIV-1-infected children had CD8 ϩ T cells specific for the SL9 and/or the IV9 epitope. This T-cell response to HLA-A‫-1020ء‬ restricted epitopes correlated strictly with the expression of the HLA-A‫1020ء‬ molecule and was restricted to the CD8 ϩ -T-cell subset, showing the specificity of the ELISPOT assay. Although the percentages of responders to the SL9 and IV9 epitopes were similar, the CD8 ϩ T cells specific for the SL9 epitope were found at higher frequencies than the CD8 ϩ T cells specific for the IV9 epitope (351 versus 134 SFC/10 6 PBMC), as we described previously for the tetramer assay (66) .
We observed that addition of peptide-HLA-A‫1020ء‬ tetrameric complexes to PBMC stimulates IFN-␥ production. Usually, T cells are activated upon encountering another cell that carries on its surface appropriate complexes of MHC proteins and peptide antigens. A single peptide-MHC complex per target cell can trigger activation of the CD8 ϩ -T-cell cytolytic response (73) . Monomers of soluble peptide-MHC trigger Ca 2ϩ responses in CD8 ϩ T cells (17) . Finally, in vivo injection of tetramers has been shown to efficiently prime naive CD8 ϩ T cells (45) . Even if IFN-␥ production induced by free peptide and peptide bound to tetramers of HLA molecules was correlated ( Fig. 2) , we observed that HLA-peptide tetramers were less efficient than peptide-pulsed PBMC in stimulating IFN-␥ production, as previously reported for infected adults (2) . It should be noted that the molarity of peptide combined with tetramers is lower than the molarity of free peptide in the experiments described. However, the low molarity of peptide combined with a tetramer was found to be optimal, as increasing the peptide-tetramer concentration led to lower numbers of spots. These results are concordant with the observation that epitope density requirements for induction of response are determined by the affinity of the TCR-peptide-MHC reaction (73) . In addition, at 37°C, only high-affinity TCRs were labeled with tetramers and internalized them (77) . Therefore, one might expect that tetramers of HLA-peptide complexes will be unable to stimulate CD8 ϩ T cells with low-affinity TCRs, whereas peptide-pulsed cells will activate IFN-␥ production of these low-affinity CD8 ϩ T cells, leading to lower numbers of spots in response to peptide complexed to tetramers than in response to free peptide.
The frequencies of HIV-specific CD8 ϩ T cells observed in this study of infected children are very similar to those reported in chronically infected adults tested with a similar peptide-based ELISPOT assay (1, 16, 22) . We previously showed that chronically infected children had frequencies of tetramer binding CD8 ϩ T cells (66) and memory CTL (9, 10) similar to those of chronically infected adults. These data are now extended with the detection of IFN-␥ production by ex vivo- activated T cells. However, during the first months or years of infection, ex vivo IFN-␥ production by HIV-specific CD8 ϩ T cells appeared to be significantly lower than that in older children or adults (65, 71) . Our study group includes only children Ͼ3 years old, and the median age is 12.7 years. Thus, our data showed that the relative deficiency of HIV-specific CD8
ϩ -Tcell response during the first months of life does not persist later in life in children with the slow pattern of disease progression (6) .
Our study group is very diverse regarding viral load, CD4 ϩ -T-cell numbers, and antiretroviral treatment. Children receiving combined therapy had lower viral loads and higher CD4
ϩ -T-cell numbers at the time of the study than the baseline levels (data not shown). However, the viral load and CD4
ϩ -T-cell numbers from the group receiving combined therapy were not significantly different from those of untreated children, most of whom were slow progressors. The frequencies of HIV-specific CD8 ϩ T cells were similar in both groups (data not shown). Antiretroviral therapy is usually associated with reduced numbers of virus-specific CD8 ϩ T cells when viral replication is completely suppressed. Nonetheless, we observed large numbers of HIV-specific CD8 ϩ T cells in children under combined therapy, but most of the children had detectable viral loads. In adults, high frequencies of virus-specific CD8 ϩ T cells in patients under combined therapy without suppression of viral replication were similar to those of untreated patients (21) . The frequency of HIV-specific CD8 ϩ T cells increased in children with incomplete viral suppression but with increasing CD4
ϩ -T-cell counts (72) . Further longitudinal study of treated children is required to determine the impact of complete viral suppression by combined therapy on the HIV-specific CD8
ϩ -T-cell response.
Tetramer staining provides quantitative information about a T-cell population based on its specificity but not on its function. The IFN-␥ secretion in response to short-term restimulation with the antigen is a functional assay for the detection of the effector memory, but not central memory, CD8 ϩ T cells (3, 61) . Using a rank test, we found that results from the tetramer and the ELISPOT assays are closely correlated, as shown by other studies of virus-specific CD8 ϩ T cells in humans (22, 59, 74) . However, all tetramer-positive CD8 ϩ T cells are not functionally equivalent, as we observed that frequencies of epitopespecific T cells measured by ELISPOT assays are lower than those measured with the tetramer assay. The presence of nonfunctional HIV-specific CD8 ϩ T cells is not specific to HIVinfected children, as it was observed in adults infected by HIV (22, 57, 70, 74) . A combination of tetramer staining and detection of cytokine production using intracellular cytokine staining directly showed that not all tetramerpositive cells produced cytokine in response to stimulation with the epitope (2, 21, 23, 27, 30, 31, 68) . Discrepancies between the tetramer binding assay and the IFN-␥ secretion assay can be explained by at least three mechanisms. The tetramer binding cells that do not secrete IFN-␥ may be central memory CD8 ϩ T cells, as described by Sallusto and coworkers (61); they may be anergic (38) ; or they may secrete other cytokines or chemokines, such as tumor necrosis factor alpha (2, 28, 62, 67) , MIP-1␤ (2, 29), interleukin-2 (47, 62), transforming growth factor ␤ (20), and interleukin-4 (26). In conclusion, our comparison of tetramer and ELISPOT assays showed that the fraction of functional CD8 ϩ T cells among total CD8 ϩ T cells was low and varied widely among patients. A combination of tetramer-labeling and intracellular cytokine cytometry assays is being performed on PBMC from HIV-infected children to gain further insight into this phenomenon.
We observed a positive correlation between the frequency of HIV-specific CD8 ϩ T cells and the plasma viral load. Our results are in agreement with data from Betts et al. (4) but contradict previous findings of direct inverse correlation between anti-HIV CD8
ϩ -T-cell responses and viremia (5, 14, 24, 25, 34, 37, 39, 53, 54, 58) . It is important to note that the latter results were obtained by measurement of tetramer binding CD8 ϩ T cells, the cytolytic activity of freshly isolated PBMC (effector CTL), or the cytolytic activity of in vitro-expanded PBMC (memory CTL), whereas in our study and in that of Betts et al. (4) , ex vivo IFN-␥ production was used to quantify virus-specific CD8 ϩ T cells. The state of activation of the CD8 ϩ T cells may determine their relation to the antigen load. The numbers of memory CD8 ϩ T cells that can proliferate in response to stimulation, and that are usually measured by the chromium release assay, are correlated with the capacity of these cells to suppress viral replication by direct cytolysis or secretion of soluble factors and thus are inversely correlated with the viral load (5, 14, 24, 37, 39, 53, 58) . In contrast, the frequencies of effector memory T cells able to respond to short-term stimulation, but with poor proliferation potential, will be determined by recent encounters with the antigen and thus are positively correlated with viral replication. In addition, cytokine production and perforin expression appear to be differently affected by HIV infection (2).
As discussed above, different assays for detection of virusspecific CD8 ϩ T cells measure different functions and/or subsets of CD8 ϩ T cells, and it is not completely unexpected that these different techniques show different relationships between the antiviral CD8 ϩ -T-cell-mediated responses and the antigen load. Indeed, we show here that, in contrast to IFN-␥ production detected in response to stimulation with the SL9 and IV9 peptides, the frequency of CD8 ϩ T cells labeled with tetrameric HLA-A‫1020ء‬ complexed to the corresponding peptide was not correlated with the viral load. Furthermore, in HIVinfected children, we found that memory CTL responses were inversely correlated with the plasma viral load and that ex vivo IFN-␥-producing CD8 ϩ T cells and memory CTL were not correlated with each other (10a; F. Buseyne and Y. Rivière, unpublished observations). Therefore, we can conclude from the present study that the magnitude of ex vivo-activated HIVspecific CD8
ϩ -T-cell-mediated IFN-␥ production is dependent upon continuous restimulation with a viral load, but this conclusion may not be true for other subsets and/or functions of HIV-specific CD8 ϩ T cells. Using the peptide-based ELISPOT assay, we showed that most of the children studied had an HIV-specific CD8
ϩ -T-cell response of similar magnitude to the one detected in adults. We found a positive correlation between the frequency of ex vivo-activated HIV-specific IFN-␥-producing T cells and the plasma viral load, suggesting that the frequency of this subset of HIV-specific CD8 ϩ T cells is dependent upon continuous antigenic stimulation. These data support the use of the ELIS-POT assay to study ex vivo-activated virus-specific CD8 ϩ T cells because of its high sensitivity and because it provides information different from that provided by tetramer labeling of memory CD8 ϩ T cells.
